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I n the past 20 years, there have been meaningful advances in acute and inpatient stroke care. 1, 2 However, there are still significant gaps in the quality of postacute care, especially for those patients discharged directly home. 3 The needs of patients discharged after stroke are often multifactorial and complex. Patients are faced with physical and cognitive limitations, complex medication regimens, new diagnoses of chronic conditions, and lack of social support. 4 These barriers challenge independence and stroke recovery and leave patients at high risk for readmissions. Preventing 30-day readmissions is now a priority for hospitals and health systems because Centers for Medicaid and Medicare (CMS) will begin penalizing hospitals that exceed the national 30-day risk-adjusted all-cause readmission rate for patients discharged with stroke. 5 Patients who are at risk for readmission after discharge have been evaluated via the concept of cumulative complexity, which is a summation of the patient's workload (life demands and burden of treatment) and capacity (influenced by resource scarcity and burden of illness). 6 With cumulative complexity in mind, a systematic review found that the most effective interventions for reducing 30-day readmissions in nonstroke populations were the ones that comprehensively increased patient capacity for self-care, had a higher number of intervention activities and interactions, and had ≥2 individuals involved in its delivery (relative risk, 0.63; 95% confidence interval, 0.43-0.91; P=0.02). 7 In stroke patients, a recent systematic review reported that less than half of transitional care models were successful at improving outcomes, and none actually reduced emergency department or hospital readmissions. 8 Because of the variability of stroke transitional care model interventions, Prvu Bettger et al 9 
have called for a clear definition of transitional
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Results-From

Methods
This is a single-center prospective pre-and postmodification quality improvement study performed at Wake Forest Baptist Medical Center (WFBMC). The WFBMC Stroke Center is a Joint Commissioncertified comprehensive stroke center, with an average of 850 to 900 stroke discharges per year. Transitional Coaching for Stroke (TRACS) is a quality improvement program supported by the hospital and neuroscience service-line, which is focused on education and coaching after discharge to assess the immediate needs of patients who have been recently discharged home. Patients discharged to other facilities were excluded. 10 When CMS created a reimbursement model of Transitional Care Management codes, we expanded our TSC by incorporating a structured follow-up program focusing on challenges unique to patients with stroke and TIA. Transitional Care Management codes are designed for patients with moderate-to-high complexity based on psychosocial and medical needs after discharge: patients with stroke/TIA are ideal patients to benefit from these services. 11 To meet CMS requirements, we implemented, over 2 phases, a transitional care model that included structured follow-up phone calls and office visits. Before the initiation of our transitional care model, stroke/TIA patients discharged home did not receive phone calls and had a clinic visit with an NP within 4 to 12 weeks, and these NP visits were not structured.
Phase I (Table 1) began in October 2012 when we implemented the structured follow-up phone call by the NP for patients at high risk of readmission 12 within 7 days of discharge. If the patient was aphasic or had cognitive limitations, the caller asked the caregiver to provide information. The phone call included medication reconciliation, oral anticoagulation monitoring (if relevant), reminders of scheduled therapy, TSC date, and signs/symptoms to seek medical attention (see Table in the online-only Data Supplement for script). To determine which patients were at high risk for readmission, an internal retrospective review at our hospital identified risk factors that included acute renal failure during index hospitalization, history of congestive heart failure, and ≥2 visits to emergency department or hospitalizations within the past year. 12 We also included patients who were on anticoagulation, those with multiple barriers to care, or poor social support. These factors were identified during the acute hospitalization by the NP. In phase I, the patients received a clinic visit within 2 to 4 weeks of discharge.
Phase II (Table 1) began in September 2014 when we updated our transitional care model to capture the new Transitional Care Management codes. We continued the structured follow-up phone calls as detailed above, but they were performed by an RN within 2 business days of discharge. Every patient who was discharged home was called by the RN compared with phase I when the NP called only high-risk patients. In addition, during phase II, the NP initiated structured TSC visits, which included stroke education, secondary prevention, functional recovery, medication adherence, and evaluation for poststroke complications.
The major difference between phase I and phase II of the intervention was that in phase II we hired an RN to make calls, which allowed the NPs more time to perform clinic visits and decrease the time to follow-up. With this NP/RN effort, we were able to bill the Transitional Care Management codes. During phase II, our goal was to schedule all patients for follow-up within 7 to 14 days.
Data Collection and Statistical Analysis
Study data were collected and managed using Research Electronic Data Capture (REDcap) electronic data capture tools hosted at WFBMC. 13 REDcap is a secure, web-based application designed to support data capture for research studies. The TRACS program collected data for each of the following encounters: medical history at discharge, telephone follow-up, TSC visit, and 3-month outcomes. The primary outcomes for this analysis were 30-day and 90-day readmissions, which were collected by telephone interview, medical record review, or mailed questionnaire by the TRACS personnel (Table 1) . Important covariates for the outcomes included demographics, medical history, and stroke severity using the initial National Institutes of Health Stroke Scale (NIHSS). Where the NIHSS was missing, scores were entered retrospectively by deriving the score from the admission neurological examination, a validated method of scoring.
14 In our Comprehensive Stroke Center, scores are likely to be missing at the time of admission for TIA or hemorrhagic stroke patients (≈20% of our cohort) although the exact proportion of retrospectively derived scores is unknown. We created a study variable that represented multiple concurrent chronic conditions, which increase the risk of poor outcomes after stroke, including readmission. 15 This variable was assigned 0, 1, 2, or 3, depending on the presence of diabetes mellitus, coronary artery disease, and congestive heart failure (in various combinations or all 3) as a continuous variable. Processes of care were collected, including when patients were scheduled for a TSC appointment, whether they received a call, and patient show rates to the clinic appointments. Univariate comparisons of these variables between the 2 phases of the TSC were assessed using χ 2 test for proportions or Wilcoxon rank tests for continuous but non-normally distributed variables. Multivariate logistic regression models for 30-day and 90-day readmissions were performed using the stepwise selection method and adding NIHSS, history of previous stroke or TIA, and presence of hospitalizations before the index stroke as prespecified covariates likely to influence readmission. Informed consent for this study was waived because it was part of a quality improvement initiative and patients received standard-ofcare treatment throughout both phases. The Wake Forest School of Medicine Institutional Review Board approved this waiver.
Results
From October 2012 through September 2015, there were 2904 patients discharged with ischemic or hemorrhagic stroke or TIA, and of these 1421 (48.9%) were discharged home. Of those discharged home, 510 (35.9%) were enrolled in TRACS, and all had complete data for the analysis. The demographic characteristics of this cohort are shown in Table 2 . The mean age of patients was 65.1 years of age (±13.2 years); 51% were women; the median NIHSS was 2 (interquartile range, 1-5). The proportion of patients discharged home and enrolled in TRACS increased from 19.2% in phase 1 to 42.6% in phase II (data not shown). The only other difference between phases was a decrease in hypertension and hyperlipidemia from phase I to phase II.
With respect to the process metrics (Table 3) , more patients received follow-up calls in phase II (88.9%) than in phase I (55.7%; P=0.0001), and the days from discharge to TSC decreased from 19 to 17 days (P=0.02). There was no difference in 30-or 90-day readmissions by phase. Patients who did not show for the TSC visit were more likely to have Tables 4 and 5 ). For patients with 90-day readmission, there was a trend toward lower show rates for TSC (67.5% versus 76.4%; P=0.088) and higher risk for men than women, but there was a significantly higher proportion with previous stroke or TIA, multiple chronic conditions, and previous hospitalizations compared with those not readmitted.
Multivariable models (Table 6) showed that the TSC visit was independently associated with a 48% reduced 30-day readmission (odds ratio, 0.518; 95% confidence interval, 0.272-0.986; P=0.045). In addition, multiple chronic conditions, previous stroke, and trends toward more severe strokes and previous hospitalization were associated with 30-day readmission (model C-index=0.710). At 90 days, the TSC visit was no longer significant, whereas previous stroke, previous hospitalization, multiple chronic conditions, and male sex were all significantly associated with readmission (model C-index=0.722).
Discussion
To date, there have been no successful interventions that have reduced readmission rates in stroke patients discharged home. 8 Our data indicate that early evaluation in an NP-led structured visit at our TSC reduced readmissions at 30 days by ≈50%. Although the posthospital call did not influence readmission independent of the clinic visit, patients who were called had a higher show rate. Therefore, the transitional care model for calling at 2 days and being seen in clinic within 7 to 14 days of discharge (as required by CMS for Transitional Care Management [TCM] billing), coupled with standardized and comprehensive stroke assessments performed by trained NPs, can reduce readmissions for this high-risk population. The factors associated with 90-day readmissions were primarily clinical characteristics, such as multiple chronic conditions, previous stroke, and previous hospitalizations, as well as male sex. These findings show that the TSC visit primarily affected the shorter-term risk for readmission, whereas other comorbid factors were drivers of readmission ≥90 days after discharge.
The use of Master's prepared advance practice nurses has been the basis of the Naylor et al 16 Transitional Care Model, which effectively reduced readmission in the geriatric and congestive heart failure population. The NPs are trained to assess and manage stroke patient needs that occur within and outside the clinic. The incorporation of a well-trained nurse to perform the phone calls and triage relevant information to the NPs provided the most efficient structure for our transitional care model.
Our model and the team structure address the same components of successful interventions, which addressed cumulative complexity. Our care team includes 3 trained health professionals (2 NPs and an RN), and we use comprehensive assessments during multiple interactions with patients postdischarge. Beyond the initial assessment, a substantial portion of the calls and clinic visits are spent educating, coordinating care with referrals to therapy and community services, assuring that the services are actually received, addressing social needs, and handing off the care to the primary care provider. Altogether, this model can help patients gain the ability to self-manage their stroke recovery and secondary prevention. In addition, modification in phase II to add an RN increased the proportion of follow-up phone calls made, reduced the time from discharge to being seen in the clinic, and increased the show rate for this clinic.
There are some limitations to this study. The setting was a single academic, tertiary referral center with a wide referral region. It was designed as an observational quality improvement study to reduce readmissions rather than a randomized controlled study. The patient population was limited to those discharged home and not to outside inpatient rehabilitation or skilled nursing facilities, which make up ≈50% of the total patients discharged from our facility. The analysis cohort represents a small sample of our overall population, especially in phase 1. The number of patients readmitted was relatively small, and as such, detecting differences between phases with unplanned analyses limited the power. The ascertainment of readmissions included direct contact with patients by phone (occurred more frequently in phase I) or questionnaires completed by patients or proxies (initiated in phase II), both of which allowed documentation for patients admitted to other facilities. In the case of missing data, there was a manual review of medical records to determine readmission back to WFBMC. We were therefore unable to track readmissions to other hospitals for every patient in our cohort. Based on readmission reports from CMS for Medicare beneficiaries discharged to any location, ≈30% of our patients were readmitted to facilities other than WFBMC. Although the cohort in our analysis is quite different (all ages and payer source, and only those discharged home), the readmission rates are likely to be higher than those reported in this analysis. Lastly, although our target in phase II was to have patients seen in the TSC within 14 days, our median time from discharge to clinic visit was 17 days. 
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We also examined the relationship between the TSC show rate and the timing of readmission. We found that 56.5% of patients readmitted within 30 days were seen in the clinic within 15 days of discharge, but it is possible that the other 43.5% could have missed their appointments because of being in the hospital, illness, or the inability to come to clinic because of social circumstances. To examine the relationship between the timing of readmission and the clinic show rate, we noted that 18 of the 46 patients readmitted within 30 days did not show to the TSC, 13 of whom were readmitted before the follow-up appointment. Of these 13, only 3 of them were within 5 days of the appointment, suggesting these could have been in the hospital as a reason for the no-show. In summary, our data show these readmitted patients were complex and that there could be other unmeasured risks for readmission, such as lack of a primary care provider, access to care, or social support.
There are several strengths to this study. With minimal resources, we have built a model of transitional care that is patient-centered, longitudinal, and designed to monitor and analyze the effectiveness of processes of care pre-and postmodifications to our model. It is important to note that our model is consistent with the concept of cumulative complexity because patients who have had multiple strokes or TIAs, and multiple comorbidities (diabetes mellitus, coronary artery disease, and congestive heart failure) clearly increase risk of readmission. 15 These characteristics are now included in our discharge screening for patients at high risk of readmission, and we will make concerted efforts to work with primary care and cardiology after discharge for patients with these high-risk conditions.
In summary, we showed that an NP/nurse team and a standardized, comprehensive approach to transitional care for stroke patients discharged home can effectively reduce 30-day readmissions. This model should be tested for effectiveness in different settings from this single academic center. In fact, it is now the basis for a pragmatic clinical trial being implemented across the state of North Carolina, funded by the Patient-Centered Outcomes Research Institute. This funding is for a cluster-randomized trial of 50 hospitals designed to evaluate whether implementation of this model of care will improve stroke patients' functional status and reduce caregiver burden 90 days poststroke (Clinicaltrials.gov; NCT02588664). If positive, the results would support wider dissemination and implementation.
